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Introduction. 

For several years the author has been contemplating to make a 
study of the germ cells of the mule with the aim of offering a 
thorough explanation of the causes of sterility in this hybrid, 
but it was not until the past year that material for such an 
investigation was available. Cytological studies of the sex cells, 
especially those of animals, in recent years have added much to 
our knowledge of the mechanism of heredity; and such studies 
have kept fairly good pace with the comparatively rapid advances 
in our knowledge of plant and animal breeding which have been 
made since the rediscovery in 1900 of the results of Mendel. 
And while this study is now recognized as one of the chief methods 
of confronting many problems in genetics, and must be carried 

1 From the zoological laboratories, University of Idaho. 
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on in correlation with animal and plant breeding before any 
adequate explanation of the results of hybridization can be ob- 
tained, the study of the germ cells in hybrids themselves has thus 
far been somewhat neglected. 

Guyer ('oo) in his excellent work on the spermatogenesis of 
normal and hybrid pigeons says: "It is a remarkable fact that 
no attempt has been made so far to investigate carefully the 
spermatogenesis or ovogenesis of hybrid forms. In all the mass 
of literature discussing or touching upon hybridism, so far as I 
have been able to ascertain, there has been in no instance an 
approach to a thorough study of the germ cells. Yet almost 
every writer states that through the study of hybrids, we have 
perhaps the best opportunity for gaining a clew to many of the 
most vital points in the great problem of heredity. A number 
of investigators have remarked that in certain instances the 
anthers, ovary, or testes as the case might be, were defective, 
and have let the matter go at that." 

It is even more remarkable now, since fifteen years have 
elapsed and no further attempt has been made to investigate 
carefully the spermatogenesis or ovogenesis of other hybrid 
forms. Professor Guyer's work on hybrid pigeons which was 
published in 1900, the same year in which Mendel's investigations 
were rediscovered, so far remains as the only outstanding piece 
of work on that particular subject. It is all the more remarkable 
when we consider the fact that such a great deal of cytological 
work has been done during the past fifteen years and that by far 
the largest bulk of the work on hybridization has been done 
during the same period. 

The mule is probably one of the best known hybrids for he is 
raised in practically all parts of the civilized world. He has 
been known for many centuries and has been used more or less 
in Europe since the days before Christ, for Varro who wrote in 
the first century B.C. refers to mules in Roman agriculture. 
Sterility in mules has no doubt been a subject of discussion for as 
many centuries but the real nature of the cause of sterility in 
these hybrids has heretofore never been carefully investigated. 
The spermatogenesis of the horse which was carefully worked 
out at the University of Wisconsin Zoological Laboratories a 
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year ago (Wodsedalek, '14), has rendered several phases of this 
difficult problem much more intelligible than would have been 
possible otherwise. It might be added that certain phases of 
this problem would have become even more perspicuous had the 
spermatogenesis of the ass also been carefully worked out and 
thoroughly understood; but unfortunately the jack material 
has so far been unavailable. 

Comparison of the Horse and the Ass. 

Hayes ('04) says: "Owing to the extreme want of uniformity 
in the gaps left, during the process of evolution, between de- 
scendants from similar ancestors, we are unable to lay down any 
exact general rules for classification. The inclusion of horses,, 
asses, and zebras in the genus Equus admits of no controversy, 
because they are the only possessors of the distinguishing char- 
acteristic of having only one complete hoofed toe on each foot." 

While there seems to be no doubt that the horse, ass, and zebra 
have descended from common ancestors, at the present time, there 
is considerable difference between the horse and the other two 
Equidae. The only distinctive difference between the asses and 
zebras in general seems to lie in the tiger-like stripes which are 
invariably lacking in the ass. The differences between asses 
and horses are marked, as can be seen from the following quota- 
tion of a detailed comparison by Hayes ('04). "Some of the 
following differences between asses and horses are relative, and 
others absolute. Most of these differences also exist between 
zebras and horses. 

"1. The ass has, practically speaking, chestnuts only on the 
forelegs, which is a peculiarity that is met with in certain breeds 
of horses (p. 319). In some cases, the ass has vestiges of chest- 
nuts on his hind legs. The chestnuts and ergots (p. 319) of the 
ass are much thinner than those of the horse. 

"2. The ass has a tufted tail, somewhat like that of an ox, an 
erect mane, and no forelock. The horse, with the exception of 
Prjevalsky wild horse (p. 640), has a bushy tail, drooping mane, 
and a forelock, when they have been allowed to grow. The dif- 
ference in the mane is due to the length of the hairs of the part. 
In almost all breeds of horses the hairs of the tail grow long from 
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the root of the dock. In the ass they do so only as they approach 
the end of the dock.. 

"3. As a rule the ass has five loin vertebrae, and the horse six 
(p. 422). I have never heard of an instance, in the domestic 
ass, of the number of these bones exceeding five. If, however, 
we examine the skeleton of the Mountain Zebra which is in 
the museum of the R. C. S. Lincoln's Inn Fields, we shall see 
that it has six loin vertebrae. The number of these bones is sub- 
ject to variation in all vertebrates. 

"4. In the horse, the lachrymal duct, which is the canal that 
conveys tears from the eye on each respective side into the nostril, 
has its opening near the inferior commissure of the nostril, and 
on the line of union between the dark-colored skin and the pink 
mucous membrane. In the ass and mule, it is situated at the 
inner face of the outer wing of the nostril. This orifice is some- 
times double. 

"5. In the ass, the false nostril extends higher up than in the 
horse. 

"6. The male ass has two rudimental teats in the form of small 
tubercles. They are usually absent in the horse. 

"7. The vocal sounds of the ass (braying) are produced in a 
different manner from those of the horse (neighing). . . . We 
may, therefore, conclude that braying can be performed only 
during strong contractions of the muscles of the abdomen and 
chest. It is evident that this muscular contraction is not re- 
quired in the neighing of the horse. 

"8. In the ass, the deep depression at the base of the epiglottis 
is covered by a thin membrane, which is capable of vibrating, 
and which is wanting in the horse. It may have some influence 
in causing the voice of the ass to differ from that of the horse. . . . 

"9. The ass hardly ever has any irregular markings on its 
coat such as a 'star,' 'blaze,' 'reach,' or 'stockings,' all 
of which are very frequent among horses. A small star, on one 
or two occasions, is the only mark of the kind I have ever seen 
in the ass, of which animal I have not had much experience. 

"10. I believe I am correct in saying that the color of the ass 
is never of a bright bay, chestnut, red or blue roan, or nutmeg 
gray. I have seen mules of an iron-gray color; but have not 
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observed it in the ass. This conservatism in color and freedom 
from irregular markings, shown by the ass, is very remarkable; 
considering how greatly the coat of the horse varies in this respect 
and that the ass has, in all probability, been longer under the 
influence of domestication than the horse. 

"11. The ass is higher over the croup, than at the withers 
which is a peculiarity that tends to make his withers appear unduly 
low (p. 241). The spines of the vertebrae at the withers are only 
a little shorter in the ass than they are in the horse. As a rule 
horses are higher at the withers than they are at the croup. 

"12. The horse's dock is thicker, stronger, and shorter than 
that of the ass. 

"13. The horse, on each side of his croup and covering his 
pelvis, has, underneath, and closely adhering to the skin of the 
part, a thick and extremely dense layer of connective tissue, which 
is so close and hard, that it looks like horn, when the skin has 
been tanned and dried. These two patches of thickened skin 
are separated from each other about four or five inches apart, so 
that there is a strip of skin of ordinary thickness running down 
the croup towards the tail. . . . The ' shell ' is connected to the 
skin so closely that the two form one piece; although their re- 
spective consistencies are different. If a section be made through 
the hide their line of union may be readily seen. In the ass, the 
'shell' is not confined to the skin that covers the pelvis; but also 
extends over the ribs, which are consequently not as sensitive 
to the effects of blows as are those of the horse. . . . 

" 14. The ass has no tufts of hair at the fetlocks (p. 290). 

" 15. Messrs. Tegetmeier and Sutherland appear to have been 
the first to note the difference between the respective periods of 
gestation of asses and horses; the former period being twelve 
months; the latter, eleven months. 

"16. The foot of the horse is more highly specialized than that 
of the ass. One of the best marked evolutionary changes in the 
equine foot, was the gradual curtailment of its posterior bearing 
surface (frog and sole), until, in the horse (Fig. 382), the length 
of this bearing surface is not much greater than its width, and is 
included between the heels and the 'toe' of the hoof. In the 
ass, this bearing surface is relatively longer than in the horse, 
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and extends some distance beyond the heels to the rear (Fig. 443). 
Also, the shape of the foot of the ass, from above downwards, is 
more or less cylindrical; and that of the horse is more or less in 
the form of a truncated cone. 

"17. The teeth of the horse are more highly specialized than 
those of the ass. . . . We can see in Fig. 643, that the gradual 
lengthening of the crowns of the molar teeth is a well-marked 
feature in equine evolution ; and from a study of the mechanism 
of equine dentition, we learn, that for purposes of food-prehension 
and mastication, the growth of the incisors must be proportionate 
to that of the molars. Hence, we may assume that the crown of 
the incisors, like those of the molars, have gradually lengthened 
during the evolution of the horse; and consequently that the 
acuteness of the angle made by the upper and lower incisors of 
the horse of today increases with age, to a greater extent than 
it did in the case of his ancestors. On turning to the domestic 
ass, we find that in old donkeys (Figs. 448, 449 and 450), the angle 
in question is greater in the horses of similar ages (Figs. 445, 446, 
and 447). Consequently we may infer that the teeth of the 
domestic ass are of an older type than those of the horse. Also, 
the incisors of the donkey are relatively narrower than those of 
the horse." In addition it might be said that the ears of the ass 
are much larger and longer. 

All of the differences enumerated above are skin-deep, or 
anatomical in nature. The present study has revealed another 
difference, a cytological one, which is probably the most impor- 
tant, for it lies in the finer structure of the cells of these animals 
and no doubt is at the base of all of the differences perceptible 
to the naked eye. It was learned that the cells of the horse con- 
tain thirty-seven chromosomes (Wodsedalek, '14). The present 
study shows that the cells of the mule possess fifty-one chromo- 
somes. This would suggest that the cells of the ass possess about 
sixty-five chromosomes, if nothing unusual happens in the de- 
velopment of the hybrid, thus making the remarkable difference 
of twenty-eight chromosomes between the cells of the horse and 
those of the ass. This matter is considered at length in the latter 
part of the paper. 
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Characteristics of the Mule. 

The mule is a hybrid having for sire a jackass or male ass, 
commonly termed a jack, and a mare for dam. If, however, a 
stallion be bred to a she-ass which in the United States is called 
a "jennet" and in England a jenny, the result is a hybrid known as 
a hinny. It seems to be a well-established fact that no special 
distinction with respect to appearance or conformation can be 
made between mules and hinnies, because in both of these hy- 
brids of both sexes the proportional resemblance to the horse and 
ass is of infinite variety. Mares are generally taller than jennets, 
hence the mules as a rule are of a greater height than hinnies, 
which appears to be the only difference between these two hybrids. 

There seems to be a great deal of difference of opinion as to 
which one of its parents the mule most resembles. For example, 
Hayes ('04) says: "The coat, mane, tail, feet, and voice are more 
or less intermediate between those of the horse and those of the 
ass. The hind chestnuts in some cases are well developed, as 
in the ordinary horse; in others, they are in a comparatively 
vestigial form, and one or both may be absent. These hybrids 
"resemble the ass more than the horse in their placid temper, 
great adaptability to work, and longevity. In carrying or draw- 
ing loads they are superior to horses of the same weight, and they 
can obtain the necessary energy from food which horses cannot 
digest, as for instance, the reeds on which the mules of the south 
of France live. I have experimentally established the fact that 
their digestive power is higher than that of horses" (Sanson). 

Lydekker ('12) says; "In the case of both mules and hinnies 
the general build and appearance of the animal accord with the 
type of the sire, although in the manner of bodily size the dam is 
followed. Mules are therefore asinine in appearance, although 
with a more horse-like tail, and relatively large ears; whereas, 
the more horse-like hinny is small. If, however, females of the 
great Poitou ass were to be utilized for hinny-breeding, the 
progeny would probably be of larger stature. One exception to 
the ass-like character of the mule is that it lacks the white belly 
of its male parent." 

Wilcox ('07) says: "It is not true, however, as sometimes 
asserted, that the mule eats less than the horse. On the contrary 
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the mule has an excellent appetite. However, the mule can go 
longer without food and can live on coarser and more unpalatable 
food than could be expected to give results with the horse. 
Contrary to a prevailing belief also, the mule is equally suscept- 
ible to various diseases as the horse. In the Philippines our 
mules suffered as much as horses from surra. Glanders has 
always been dreaded as one of the scourges of the army mule. 
Even colic and other digestive troubles familiar to horse raisers 
also occur among mules." 

Plumb ('06) says: "The characteristics of the mule partake 
of both sire and dam. There is the long ear, slender body, 
tufted or slightly haired tail, and small, slender foot, and braying 
voice of the ass." 

"The temperament of the mule is quiet and patient, while for 
steadiness under the collar and hard pulling he has no equal in 
the equine World. . . . Horses are more nervous and uncertain 
in temperament than mules, and are more subject to fright and 
consequent runaway. 

"The endurance of the mule is remarkable. . . . Mules usually 
live to a greater age than horses, and perform their work with 
regularity and on less feed, a most important point in their favor. 
Cases are recorded of mules living to seventy years of age. . . . 
The resistance of the mule to disease, its activity, sureness of foot, 
docility, and easiness of keep, have resulted in its finding much 
favor in the army service." The sureness of foot is no doubt 
inherited from the ass. 

That mules and hinnies are sterile is a well-known fact. And 
if degeneration of the sex cells of all of these hybrids is as pro- 
nounced as it was found to be in the material studied in this in- 
vestigation — and in all probability it is — the cause of sterility 
will remain obvious. A few cases of fertile mules have been 
recorded, but careful investigations show that such records are 
not authentic and practically all of the writers on mules regard 
them as unreliable. 

Lydekker ('12) says: "With the possible exception of a few 
instances in which the female is stated to have produced off- 
spring, the mule is sterile; as, indeed, might be expected to be 
the case when the difference between its parents is borne in 
mind." 
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Hayes ('04) in remarking about the matter of sterility of 
mules says: "Scientific research has amply proved that mules 
and hinnies are absolutely sterile, although cases are on record 
of induced lactation occurring in females of this kind. . . . 
Accounts not infrequently appear in the American and other 
papers, of mules which are seen suckling young, and the conclusion 
is at once arrived at that these young are the offspring of the 
animals that are supporting them, but it may be regarded as 
perfectly certain that they are merely adopted foals, which by 
their endeavors to suck female mules have developed in the latter 
abnormal lactation." 

Material and Methods. 

The material for this study was obtained through the courtesy 
of my friend, Dr. J. W. Kalkus, professor of histology and path- 
ology at the State College of Washington, Pullman. Dr. 
Kalkus made every possible effort to secure the material for my 
studies and generously placed at my disposal material obtained 
from three animals. 

The hybrids were about two years old at the time the material 
was removed from them. It is probable that all three of the 
mules were by the same sire. The tissue was fixed in Flemming's 
fluid, and stained with Heidenhain's iron hematoxylin. The 
sections were cut from five to nine microns thick. 

Appearance of the Testicular Tissue. 

The first noticeable difference in the testicular structure of the 
mule and the horse is that the seminiferous tubules of the mule 
are in general much smaller than those of the horse. There is 
considerable variation among the tubules of the mule. The di- 
ameter of some tubules is fully twice that of others, and all 
gradations between the two extremes may be found. The large 
tubules are characterized by large clear areas in their lumens. 
This clear space diminishes as a rule in proportion to the di- 
ameter of the tubules. In most of the small tubules the cells 
occupy all of the lumen. This structure, however, is not always 
the case in the respective tubules, for occasionally we find large 
tubules with solid lumens and on the other hand small tubules 
with clear lumens. 
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The difference in the interstitial cells is quite obvious. They 
are much larger, much more numerous, and more regularly dis- 
tributed in the horse than they are in the hybrid. The nuclei in 
the former are large and usually contain one or two large nucleoli, 
and several small karyosomes; while those of the mule are small 
and contain many small karyosomes, and the large nucleolus is 
not as constant as it is in the horse. The cytoplasmic content 
of these cells in the horse, too, is larger and not as variable in size 
as in the mule. 

Spermatogonia. 

The spermatogonial cells of the mule are considerably larger 
than those of the horse in the corresponding stages. They gener- 
ally occupy the usual position next to the tubule wall, though oc- 
casionally they are crowded out of this position by the numerous 
nurse cells and pushed further in toward the lumen. They occur 
in relatively fewer numbers in the hybrid than they do in the 
horse. In cross sections of the tubules they very seldom form a 
complete ring within the tubule wall, and are never found in a 
crowded condition neither along the entire tubule wall nor in 
small areas, as is often the case in normal mammalian tissue. The 
cells are usually far apart, and it seems safe to state that in a 
large majority of the tubules only about twenty to thirty per cent, 
of their inner surfaces is covered with these cells. It seems 
equally as correct to say that in cases where the spermatogonial 
cells are most abundant they never exceed covering more than 
sixty per cent, of the tubule's inner surface ; and it might be said 
that such extreme cases are rarely found. Many of the tubules 
contain only a comparatively few spermatogonial cells and not 
infrequently tubules are found in which no cells can be identified 
as such . The cells occupying the position usually occupied by the 
spermatogonia greatly resemble the ordinary nurse cells. 

During the prophase of the spermatogonial cell the nucleus is 
round and contains a large nucleolus which is usually heart- 
shaped, several small karyosomes, a large number of small 
granular masses and extremely thin linen strands (Figs, i and 2). 
In this respect the cells resemble those of the horse in the cor- 
responding stages, except that they are much larger. No centro- 
some can be detected at this stage although a dense mass of 
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cytoplasm can often be seen near the nucleus. This is in all 
probability the idiozome. These cells have definite walls which 
mark them off clearly from the neighboring cells. They are 
almost spherical and have the appearance of smear cells, a con- 
dition presumably due to the fact that they are not crowded. 

As growth proceeds all parts of the cell increase in size. When 
the maximum size is reached, dense masses of chromatin make 
their appearance which become more and more- defined until the 
chromosomes of various shapes and sizes are formed. Some- 
times the chromosomes are so close together that an accurate 
count is impossible; but more frequently they are sufficiently 
separated so that many definite counts were possible. 

There are fifty-one chromosomes found in the spermatogonia 
of the mule. Fifty of these are the ordinary chromosomes or 
autosomes, and one is the accessory which is larger than the others. 
Fifty-one chromosomes is fourteen in excess of the number found 
in the spermatogonial cells of the horse which has, at least in 
some breeds, a total of thirty-seven, thirty-six autosomes and 
one accessory (Wodsedalek, '14). 

A considerable amount of time was spent in an attempt to 
ascertain which of the chromosomes are of paternal and which of 
maternal origin, or in other words which were contributed by the 
jack and mare respectively. And while the author has obtained 
some fairly definite ideas in regard to the individuality of the 
chromosomes in the mule, he does not feel that any positive state- 
ments in regard to the matter can be made until the sex cells of 
the ass will have been thoroughly investigated. 

It is quite certain, however, that the accessory chromosome 
retains its individuality, for its appearance in the mule is identical 
to that of the accessory of the horse. The mule no doubt re- 
ceived the accessory from the mare in the same manner as it is 
contributed by the dam to her male offspring in the horse, in 
view of our knowledge of the behavior of this body in the sper- 
matogenesis of the horse (Wodsedalek, '14), and particularly 
according to our acknowledge of the behavior of the accessory 
chromosomes in relation to sex determination in another mammal, 
the pig (Wodsedalek, '13). In regard to the other chromosomes 
it is definitely known that in the horse they vary considerably 
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in size and shape (Wodsedalek, '14), and the same is probably 
the case among the chromosomes of the ass. And the fact that 
some of the chromosomes of the ass are apparently of the same 
size or about the same size as some of the chromosomes of the 
horse, makes it rather difficult to discriminate all of the maternal 
from the paternal chromosomes in the hybrid. It appears, 
however, that most of the large chromosomes in the mule are 
paternal in origin. A careful study of the spermatogenesis of 
the ass should throw considerable light on this subject. 

It is also definitely known, as was stated before, that the horse, 
at least of some breed or breeds, possesses thirty-six chromosomes 
besides the accessory, or sex-determining chromosome, in the 
spermatogonial cells. The reduced number of the ordinary 
chromosomes in this animal is eighteen, which number enter 
into the formation of the one type of sperm, and eighteen plus the 
accessory or nineteen in the other type. Since the spermato- 
genesis of the horse with regard to the accessory (Wodsedalek, 
'14) bears such a striking resemblance to the spermatogenesis of 
the pig, in which animal the problem of sex-determination was 
carefully worked out (Wodsedalek, '13), the author in his paper 
on the spermatogenesis of the horse assumed that the sperm cells 
possessing eighteen chromosomes are male determining and those 
possessing nineteen are female determining. It was further 
assumed on account of the behavior of the accessory in the horse 
that the oogonia of the dam contain thirty-eight chromosomes, 
or thirty-six autosomes and two accessories, while the mature 
ova contain the reduced number of nineteen chromosomes, or 
eighteen autosomes plus one accessory. 

The above figures are in all probability correct, but the actual 
count of the chromosomes in the female tissue must be made 
before it can be regarded as authentic, regardless of the strong 
evidence obtained in favor of the assumption through the com- 
parison of the behavior of the chromosomes in both the male 
and female germinal and somatic cells of the pig. Great as the 
similarity is, the mere fact that the pig is the only case among 
the vertebrates in which the relation of the accessory chromo- 
somes to sex-determination has been clearly and completely 
demonstrated, any remarks based on such a comparison must 
necessarily be of a more or less reserved nature. 
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The investigations on the relation of the accessory chromosome, 
or group of chromosomes, to sex-determination in at least another 
vertebrate, the man, must not be overlooked. And while there 
is some difference of opinion in regard to this matter in man and 
the results are not entirely conclusive, they should nevertheless 
add more strength to the above assumption. Guyer ('10) found 
that the spermatogonia of man contain twenty-four chromo- 
somes; and that twelve chromosomes appear for division in the 
primary spermatocyte of which ten are evidently bivalent and 
two accessories. During division ten chromosomes pass to one 
pole and ten plus the two accessories to the other, giving rise to 
two different types of secondary spermatocytes which eventually 
give rise to two types of spermatozoa; the one type containing 
ten chromosomes and the other ten plus the two accessories. 

Montgomery ('12) confirms the number of chromosomes found 
by Guyer but disagrees with him in regard to the accessory. 
Von Winiwarter found forty-seven chromosomes in the male, of 
which forty-six unite at reduction and form twenty-three bi- 
valents and the accessory remains unpaired. Two types of 
spermatozoa are produced, the one containing twenty-three 
chromosomes and the other twenty-three plus the accessory, or 
twenty-four chromosomes. In the female he had some difficulty 
in obtaining the exact number of chromosomes, but his best 
counts gave forty-eight, which number fits in with the results 
obtained in the male. 

The cause of the difference of opinion is probably due to the 
fact that Guyer used Negro material in his investigation, while 
Von Winiwarter studied tissue obtained from a white man. 
In view of the difference between these two human races it is 
not at all improbable that a difference in the number of chromo- 
somes also exists. The. Negro is fully as far removed from the 
white man as is the ass from the horse, where a great difference 
in the number of chromosomes apparently exists. This vast 
difference in number appears to be, at least in part, responsible 
for the sterility of the mule. The difference between the white 
man and the Negro in regard to the number of chromosomes 
according to Guyer and Von Winiwarter is equally as great, but 
unfortunately the mulatto is fertile. 
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The number of chromosomes in the spermatogonial metaphase 
stage of the mule is, as was stated before, fifty-one, or fifty 
autosomes and one accessory. The number in the corresponding 
stage of the horse is thirty-seven or thirty-six autosomes and 
one accessory; while the reduced number is eighteen in the one 
type of sperm and nineteen, including the accessory, in the other. 
According to the previous discussion it seems fairly safe to predict 
that in the oogonial cells of the mare there are thirty-eight chro- 
mosomes or thirty-six ordinary chromosomes and two accessories, 
and that the reduced number in the matura ova is nineteen in- 
cluding the one accessory. This would suggest that nineteen 
of the fifty-one chromosomes including the accessory are maternal 
in origin or contributed by the dam, and the remainder or thirty- 
two are paternal in origin or contributed by the jack. On the 
customary inference that the reduced number of chromosomes is 
always one half the number in the spermatogonial and somatic 
cells we should expect to find sixty-four chromosomes in the ass, 
with the possible addition of one accessory in the jack and two in 
the jennet; thus making a total of sixty-five and sixty-six re- 
spectively in the two sexes of this animal. 

These plausible figures for the jack and jennet would, of 
course, be expected only in the event that no cellular abnormalities 
occurred in the mule from the time of the fertilization of the 
dam's ovum by the jack's sperm, through the succeeding de- 
velopmental stages of the hybrid up to maturity. In such a case 
the full quota of chromosomes would be handed on to the sper- 
matogonial cells of the mule. 

The normal mitotic figures of the spermatogonial cells seem 
to indicate that probably no such abnormalities occur in the 
various preceding stages. But even such an apparently normal 
condition cannot be relied upon too strongly. For while the 
spermatogonial cells are normal during mitosis, as near as can be 
detected, that does not necessarily preclude that nothing unusual 
happens in the developmental stages of the hybrid, particularly 
at the time of fertilization and early cleavage stages. At any 
rate it would not be at all surprising if something unusual did 
happen to bring about the fifty-one chromosomes. The need of a 
careful study of the chromosomes in the jack is obvious. A 
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study of the sex cells in both sexes of the hinney, as well as those 
of the female mule and she-ass or jennet, would also add materi- 
ally to this immensely interesting problem of sterility of the horse 
and ass hybrids. 

Fig. 3 represents a polar view of the metaphase stage of a 
spermatogonial cell. The fifty-one chromosomes are distributed 
throughout the entire plane of the equator and the larger ones, 
as a rule, are arranged along the edge. The heart-shaped ac- 
cessory can be readily distinguished not only on account of its 
shape, but also on account of its large size. It is invariably 
at or near the edge of the equator. Fig. 4 is a side view of the 
spindle and a representation of one of the many perfect spindles 
found in this stage. There are no scattered chromosomes to be 
seen; each enters the equatorial plate and divides. The fact is 
further evidenced by the perfect divisions which follow. During 
the anaphase stage the chromosomes move to the opposite poles. 
Figs. 5 and 6 show that there are no stragglers among the chro- 
mosomes. The accessory which also divides in this stage, can 
practically in all cases, be detected on account of its larger size. 
In the telophase stage when the chromosomes are at the opposite 
poles the cytoplasm begins to constrict in the center. Soon the 
chromosomes become ragged and later disintegrate while the 
nuclear membrane makes its appearance. Following the last 
spermatogonial division the cell enters into the period of great 
growth and represents the early stage of the primary spermato- 
cyte. 

Primary Spermatocytes. 

1 . Early Prophase. 

The most important phase of this problem lies in the primary 
spermatocytes. These cells are the result of the last spermato- 
gonial division as in normal forms, and while their behavior is 
always interesting and more or less difficult to analyze in any 
case of spermatogenesis, it is especially so in this hybrid. From 
the time of the appearance of these cells until the period of their 
final destruction one is confronted with numerous fascinating 
categories. 

During the early prophase the primary spermatocytes resemble 
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the early spermatogonial stages, except that the cells are larger 
and the linin strands a little more conspicuous. The large 
nucleolus is again very distinct and appears as it did in the 
spermatogonia. A large, irregularly shaped karyosome is also 
usually present, as are a number of small ones. As the cell in- 
creases in size the linin strands become more conspicuous and the 
chromatin granules more numerous. The karyosomes, too, 
become larger and are surrounded by dense masses of chromatin 
granules. One of the karyosomes is always large and has from 
eight to twelve linin strands radiating from it. Frequently a 
few strands can be seen radiating from the small karyosomes. 
These radiating strands together with many others, form a 
continuous network of linin. Later the chromatin granules begin 
to mass around the linin strands and the karyosome begin to 
disappear (Fig. 7). Soon all of the chromatin material seems to 
be arranged along the linin strands, which take on the appearance 
of a network of chromatin threads. The threads are very granu- 
lar and vary a great deal in length and somewhat in thickness 

(Fig. 7)- 

There is no definite arrangement of these threads in the net- 
work of the various cells. Each cell seems to have its own hit- 
and-miss tangle. In some cells the long threads are more nu- 
merous and the short connecting threads are proportionately 
fewer in number. In others there are many short components 
forming the network. The nuclei at this stage vary considerably 
in size. 

Synizesis, which is so commonly observed in the horse tissue, 
does not occur in the mule. The nearest approach to it is a 
small clump of threads which is frequently seen and seems to be 
formed in the position occupied by the large karyosome. This 
clump persists in many cells until the threads break up into 
chromosomes. The mass of chromosomes resulting from such a 
clump of threads can also be frequently seen. It is probable that 
the clump of threads is brought about by the tangling up of the 
linin strands, which extend from the karyosome. 

The spireme stage which follows synizesis and synapsis in the 
horse is also lacking in the mule. The expanded network takes 
its place, and only parts of the network resemble the spireme of the 
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horse. Even in cases where long threads occur the resemblance 
is slight, for invariably the thread is made up of portions of 
various thicknesses, while the spireme in the horse is of a more 
uniform diameter. 

2. Synapsis. 

It appears that thus far there was no necessity for the paternal 
and maternal chromosomes in the cells of the hybrid to cooperate 
to any noticeable extent in functioning, and while some conflicting 
tendencies may be in operation, each group mixed with the other, 
seems to have gone on performing its functions normally. 
Material from both parents undoubtedly prevails in the somatic 
cells of the mule as it does in the sex cells. Yet these materials 
in the somatic cells, coming from two vastly different animals, 
do not in the least interfere with each other physiologically. And 
while no somatic tissue of the mule has been studied, any sus- 
picion of abnormalities, such as disintegration and decay for 
example in the muscle cells, could hardly be substantiated by 
our knowledge of the health, strength, endurance, and longevity 
of these hybrids. This suggests that developmental processes are 
also normal. It is highly probable, then, that since the physio- 
logical and developmental processes are normal that the mechan- 
ism of cell division during the process of development and growth 
is also normal ; the same as it is in the spermatogonial cells where 
perfect mitotic figures appear and all of the chromosomes divide. 

The real conflict ensues during the various stages of the primary 
spermatocyte as is so plainly evidenced by the numerous ab- 
normalities which occur in these cells. In fact the conflicting 
tendencies are so great that the destruction of each cell is in- 
evitable, and no spermatozoa are produced, causing the hybrid 
to be sterile. Up to this stage the paternal and maternal plasmas 
evidently retain their individuality and would undoubtedly 
continue to do so were it not for the wonderful phenomena of 
reduction, which necessitates a fusion of the chromatin com- 
ponents of the germ cells at this stage of maturation, as is known 
in many of the normal forms in which spermatogenesis was care- 
fully studied. 

It is now a well-known fact that in maturation of the germ 
cells a reduction of the ordinary number of chromosomes to 
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one-half takes place. Before this actual reduction, there is usually 
a so-called pseudo-reduction, in which the chromosomes unite in 
pairs so that when the cell is ready for division, although only 
half of the regular number of chromosomes appear, each is really 
double or bivalent and equivalent to two of the single or univalent 
type. 

In this hybrid, as was suggested before, it may be supposed 
that in the somatic cells and in the spermatogonia, the chro- 
mosomes from the paternal and maternal animals lie side by 
side and carry on the customary functions of the cells; but when 
it comes to an actual fusion of the chromosomes to form the 
bivalent type necessary for reduction, the incompatibility of the 
two plasmas renders the pairing difficult and incomplete, or 
prevents it entirely. 

In the horse pairing or pseudo-reduction takes place during 
the period of synizesis. This period is characterized by massing 
of the chromatin threads in the center of the nucleus, and later 
the nuclear wall expands and the entire mass passes to one side 
of the nucleus leaving a large clear area in the remaining portion 
(Wodsedalek, '14). This condition is much the same as in the 
pig (Wodsedalek, '13), except that in that animal the nucleoli 
were invariably found within the mass of threads and in a position 
nearest to the nuclear wall; while in the horse the nucleoli are 
almost invariable within, or next to the clear area. Shortly 
after the collapse of the chromatin material, the threads pair 
and appear in apparently half the original number and twice 
as thick. Later they expand and again occupy the entire contents 
of the nucleus. Then follows the period of growth, and eventu- 
ally the threads break up into the bivalent chromosomes which 
appear in half the original number found in the spermatogonia, 
plus the accessory. 

The pairing of the various components, in the horse, takes 
place simultaneously, and when the spireme appears it possesses 
a fairly uniform diameter throughout. This fact indicates 
clearly that each portion of the spireme is of a bivalent nature, 
for should some parts remain unpaired or univalent in nature, 
such parts could be readily discerned by the sudden and notice- 
able decrease in their diameters. No pairing of parts in the horse 
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was ever observed after the synizesis period, and no chromosomes 
ever seem to remain unpaired in the primary spermatocyte, with 
the exception of the accessory which is always unpaired and 
passes undivided to one pole or the other. 

In the mule the period of synapsis is extremely fascinating, 
and the facts presented here will no doubt stimulate many 
investigators in the study of hybrid sex cells. The author con- 
siders himself exceedingly fortunate in being able to obtain 
hybrid material which was in such excellent condition for this 
investigation, especially since the hybrid in question is the off- 
spring of two vastly different parents. Thus far, it appears that 
there is no case on record among the vertebrates, showing that 
this important step in the process of maturation of the sex cells 
of hybrids has been fully and conclusively demonstrated; and 
since this important phenomenon has never been clearly demon- 
strated in a hybrid of this nature, and since this material given 
to me by Dr. Kalkus appeared promising from the start, the 
author spared no time and energy in making a careful and pro- 
longed study of this particular phase in the maturation of the 
sex cells of the mule. 

It might be stated at the outset that little fusion of the chro- 
matin material takes place, and that there is no definite time for 
such fusion. As soon as the various chromatin threads in the 
network of the nucleus become well defined, there appear in- 
dications of pairing of some of the threads. This process con- 
tinues even after the network breaks up and the chromosomes 
make their appearance (Figs. 8, 9, and 12). Fig. 8 represents an 
early stage in which two or three of the threads had fused, and 
a beautiful case of two long threads lying side by side almost 
across the entire diameter of the large nucleus. Fig. 9 shows 
a cell in which many more threads had fused and some are still 
in the process of fusing. Fig, 10 shows a case where only a 
small amount of fusion had taken place before the parts of the 
chromatin network had become loose; but the process of pairing 
seems to have continued in two or three instances regardless of 
the fact that some of the chromosomes were in the stage of dis- 
integration. Fig. 11 represents a more advanced case, where 
apparently a great deal of the chromatin material had fused 
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before the network broke up and still there are indications of 
pairing. Cells of this nature in which a great deal of fusion had 
apparently taken place, invariably show more or less pronounced 
indications of decay, and the question arises as to whether this 
unusual amount of fusion is due to the condition of decay or 
whether the degeneration sets in because of the unusual amount 
of fusion. It appears, however, that the great amount of fusion 
is caused by the existing degenerate condition of the cell in 
general, for invariably masses of chromatin material bearing no 
resemblance to normal chromosomes or threads are present in 
these cells. Fig. 12 shows a still further advanced stage, in 
which conjugation continues. 

There is no regularity in the amount of fusion that takes place 
in the various cells. In some cells many more chromosomes 
conjugate than in others. This fact was apparent during the 
various stages of the comparatively long synaptic period, and 
became more obvious when numerous accurate counts of chro- 
mosomes were made in cells in which all indications of pairing 
had ceased. The fact that the nucleus expands enormously 
during the "spireme stage" was a great aid in making many 
accurate counts. The chromosomes, as a rule, were well segre- 
gated with only partial overlapping. Here and there were tubules 
with cells in exceptionally good condition for this particular in- 
vestigation, thus rendering possible many definite counts. The 
number of chromosomes in the different cells at this stage vary 
considerably. The smallest number found was thirty-four and 
the largest was forty-nine. This seems to indicate without a 
doubt that in the few cases where only thirty-four chromosomes 
could be counted that thirty-two of the fifty-one univalent 
autosomes had fused. In the few cases where as many as forty- 
nine counts were made it appears equally as certain that only 
four of the fifty-one chromosomes had fused. It must be re- 
membered, however, that these two extreme counts were ob- 
tained in only a very few cases and stand out as exceptions. All 
other counts between thirty-four and forty-nine were obtained, 
but by far the greater majority of counts lie between forty and 
forty-five, with a fairly good number of thirty-eight and forty-six. 

A very interesting as well as important feature about the 
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chromosomes at this stage is the fact that the bivalent ones can 
as a rule be readily distinguished from the univalents, and the 
loss of univalents can be accounted for by a proportional increase 
of the bivalents. If, for example, forty-one univalent chromo- 
somes can be detected, it means a loss of ten others. This 
loss of ten univalent chromosomes can usually be accounted for 
by the presence of five large or bivalent chromosomes, making a 
total of forty-six. If only thirty-one chromosomes can be 
counted, which means the disappearance of twenty univalents 
as such, one can usually find ten large bivalent chromosomes, 
making a total of forty-one. This part of the problem was so 
fascinating that the chromosomes of hundreds of cells, in which 
they were well scattered, were carefully counted and an attempt 
was made to account for the loss or gain, depending on the type 
of chromosomes that were considered first. In some cases those 
which appeared to be univalent were counted first and then the 
bivalents. In other cases those which appeared to be bivalent 
were counted first and then the univalents, and it is surprising in 
what a large percentage of cases the necessary number of fifty- 
one, in terms of univalents, was actually obtained. 

Occasionally a discrepancy of one or two, and in rare cases, 
three bivalent chromosomes, was noted, or in other words, it was 
sometimes impossible at first sight to distinguish all of the 
bivalent chromosomes. Even in cases when the individual chro- 
mosomes were carefully examined in regard to their single or 
double nature, one could not always be positive whether he was 
dealing with a single or a compound body. This fact, however, 
should not be so very surprising because two of the smallest 
type of single chromosomes may fuse to form a bivalent one of 
practically the same size as some of the larger univalent chromo- 
somes. The matter suggests rather strongly that it is not 
always the same chromosomes that fuse, even in cases where the 
same counts are obtained. On the other hand there is a possi- 
bility of some of the large chromosomes being tri- instead of 
bivalent, since the fusion of three threads, as well as three chro- 
mosomes, was observed in several cases (Fig. 12). In cells in 
which decay is noticeably under way it frequently occurs that 
many chromosomes fuse together and form a large body, but this 
cannot be regarded as fusion in the same sense as synapsis. 
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It can now be clearly seen that great variation exists in the 
amount of fusion which takes place in the chromatin material 
of the various cells in this stage of the maturation process. In 
some cells fully eight times as many chromosomes pair as in 
others. The question at once arises why should such a decided 
variability exist in this respect. It is not very probable that the 
various cells resulting from the last spermatogonial divisions 
differ so greatly in their make-up, as no such variability was 
observed in the spermatogonial cells themselves. The fate of 
the different primary spermatocytes with respect to the extent 
of pseudo-reduction of their chromatin material is evidently 
determined at the time of the formation of the network of the 
linin threads, for these linin threads seem to persist as the axes 
of the later chromatin threads which eventually break up into 
chromosomes. 

The nature of the cause of the linin strands connecting with 
■each other in such confusion as they are found, must necessarily 
remain a matter of conjecture at present. The same force which 
in normal sex cells at this stage causes the linin strands to come 
in contact at their free ends, thereby forming long threads, or 
loops, or a continuous strand, is apparently brought into action 
in the hybrid cells but not with the same precision. The fact 
that the two plasmas are so different apparently causes the 
strands to connect with each other at any point and at any angle, 
instead of at their free ends only, and thereby forming a con- 
tinuous network rather than long strands. The tendency of the 
strands to connect with others, however, must be well pronounced 
for very seldom can any free ends be seen in the earlier stages 
(Figs. 8 and 9). Later on, of course, free ends make their ap- 
pearance but these are caused by the breaking up of the network 
in parts rather than original failure at fusion. In some cells the 
end to end fusion of the original components is more pronounced, 
since many long threads appear in such cases. However, not a 
single case was seen in which several of the cross-connecting 
pieces were not present, which condition was never observed to 
occur in the corresponding stages in the sex cells of the horse. 

The fact that the ends of the threads are fused on to some 
other part of the chromatin network seems to be a drawback 
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in their fusion. Frequently two threads, which have some affinity 
for each other, and lie in a position parallel to each other and are 
not too taut, fuse along the central portion with the ends remain- 
ing in the shape of V's, because the two threads are attached at 
each end some distance apart. At times when parts having an 
attraction for each other are so arranged as to form an acute 
angle, fusion begins at the point of the angle and continues a 
short distance, leaving a V at one end. The ends remain unfused 
at that point, until the network breaks up into chromosomes, 
when the temporary connections of the two chromosomes in 
question, too, are severed, and thereby complete their fusion. 

There is also considerable evidence that actual migration for 
purpose of fusion of some parts of the net-work takes place before 
the connections are entirely severed, and even before there are 
any noticeable indications of such connections separating, for 
frequently we find a bivalent thread with both ends still attached 
to other threads. 

3. Abnormalities in Mitosis. 

The abnormalities in mitosis bear a striking resemblance to 
the abnormalities found in the sex cells of hybrid pigeons by 
Guyer ('00). In speaking of abnormalities in pigeons, Dr. 
Guyer says: "The abnormalities in mitosis are in the nature of 
multipolar spindles and asymmetrical division and distribution of 
the chromosomes (Figs. 28-39). These may exist independently 
one of another, or both may occur together in the same cell. 
They are more pronounced in sterile birds but may at times be 
seen in the fertile forms. In very many of the division of primary 
spermatocytes one or the other, or both of these phenomena are 
seen. It is a curious fact that the multipolar spindles seem to 
be confined largely to the primary spermatocytes, and one is 
prompted immediately to associate the fact with the pseudo- 
reduction or formation of bivalent chromosomes which occurs 
normally at this stage of spermatogenesis. The irregularities 
in chromatin distribution are also seen for the most part in the 
primary spermatocytes." 

The abnormalities in the mule are also in the nature of multi- 
polar spindles and there are attempts at asymmetrical division 
and distribution of the chromosomes; but in addition to these 



24 J. E. WODSEDALEK. 

types of abnormalities we have cases of scattered chromosomes 
which do not enter into the spindle at all (Figs. 16-36). Guyer's 
suggestion regarding the curious fact that the multipolar spindles 
seem to be confined largely to the primary spermatocytes prompts 
one immediately to associate the fact with the pseudo-reduction 
or formation of bivalent chromosomes which occurs normally at 
this stage of spermatogenesis, is considerably strengthened by 
the results of this investigation on the mule, since a thorough 
study of the entire phenomena of pseudo-reduction was possible 
in this hybrid. 

The diverse types of multipolar spindles and other abnormal- 
ities that occur in the primary spermatocytes of the mule are 
shown in Figs. 16-36. Fig. 16 represents a polar view of a 
metaphase stage. Twenty-eight chromosomes, some bivalent 
and some univalent, can be seen in the equatorial plate, while 
sixteen all apparently univalent, together with the accessory are 
scattered about in the cytoplasm. Fig. 17 shows a meager 
attempt at spindle formation. A bunch of chromosomes is 
found at the equatorial plate and only a few spindle threads 
could be seen and those appeared to be broken up. There was 
no sign of the centrosomes being present. The other chromo- 
somes, both bivalent and univalent, are scattered about. The 
cell was no doubt in the process of decay. A trivalent chromo- 
some can be seen at the lower part of the figure. Trivalent 
chromosomes are not uncommon but the three components 
can seldom be seen at this advanced stage. They usually fuse 
together, forming a large chromosome, frequently spherical in 
shape. Especially is this true when the cell is in the process 
of deterioration. The large spherical body at the upper part 
of Fig. 18 was probably formed in this way, though it is possible 
that it is composed of more chromosomes. 

Fig. 18 represents a cell similar to that shown in Fig. 17. 
These cells were found together with many other similar cells 
in the same tubule, and several tubules bearing such type of 
cells were observed. All of these cells were characterized by a 
large clump of chromosomes, which was presumably an attempt 
at plate formation, and a large number of chromosomes, uni-, 
bi-, tri-, and even quadrivalent, are scattered about the entire 
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contents of the cell. The cytoplasm of these cells was invariably 
degenerated ; the remains being closely assembled about the large 
clump of chromosomes, leaving the periphery of the cell clear 
in appearance. The cell wall, however, retained its normal out- 
line up to this stage of degeneration, which seems to suggest 
that the clear space was occupied by a fluid. While there were 
indications of spindle threads more or less pronounced in some 
cells, many of the cells showed no signs of the presence of such 
threads (Fig. 18). In such cells they either disappeared or had 
never been formed. It is a curious fact that such type of cells 
usually appeared in large numbers in the same locality and that 
only several tubules bearing them were found, though occasionally 
single individuals of that type were found in other tubules. The 
heart-shaped accessory could usually be seen somewhere off by 
itself (Fig. 18). 

Figs. 19-21 show a common type of freak in which the spindle 
is bipolar and a number of chromosomes did not find place in the 
equatorial plate but remain scattered about, either somewhere on 
the spindle or in the cytoplasm. Figs. 19 and 20 each show the 
large accessory at one pole. In Fig. 21 the accessory could not 
be easily detected. 

Fig. 22 shows an uncommon type of unequal division in which 
five large chromosomes have passed over to one pole, while about 
thirty-six remained in the original place. This indicates that 
the total number of chromosomes in that cell is forty-one and 
that ten of them, in view of the previous evidence and discussion, 
must necessarily be bivalent. Each of the five at one pole on 
account of their size appear to be bivalent. One of them, in 
which the two parts have not fused along their entire- lengths, 
obviously shows its bivalent nature. Further evidence that 
these five are double can be based on the fact that only about 
five of the chromosomes in the big group appear to be double. 
This shows then that no chromosomes have divided, but that 
five bivalent ones were pulled over to one pole in their entirety. 
Each of these groups without further division would in all prob- 
ability, if decay did not set in too early, form a separate nucleus. 
And it can be safely assumed that the binucleated condition of 
cells sometimes seen in this tissue, in which one nucleus is much 
larger than the other, was brought about in this fashion. 
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Fig. 23 shows still another type of cell with a bipolar spindle 
or an attempt at one. A ring of ten chromosomes can be seen near 
one pole and partly pushed out of the cell through the cell wall 
which had been broken at that place. Judging by the conver- 
gence of the spindle threads in that half of the cell one would 
conclude that these ten chromosomes never occupied a position 
in the plate, and it appears as though this was an attempt on the 
part of the cell to get rid of some of the chromatin material which 
did not harmonize with the other parts of it. The clump of 
chromosomes was apparently repelled by the others with suf- 
ficient force to cause them to break through the cell wall. Only 
about twenty other cases similar to the one just described were 
observed in all of the tissue studied. However, a number of 
these the author is inclined to regard, on account of circumstan- 
tial evidence, as being due to methods of technique, though 
even in the more suspicious cases he is not absolutely positive 
that such in the real cause. In at least a dozen of cases there 
seems to be no doubt but that the expulsion of masses of chro- 
mosomes is actually due to the activity of the cell itself. Among 
these twelve cases a regular series from partial to total expulsion 
of a mass of chromosomes can be demonstrated. The number of 
chromosomes comprising such a discarded mass varies from five 
to nineteen. 

The assumption that an effort is made on the part of some cells 
to discard some of the chromatin material is further substantiated 
by the fact that in many cells a mass of chromosomes was seen 
closely applied to the inner side of the cell wall. At times the 
cell wall bulges out at such a point and has the appearance of 
being quite taut in the immediate vicinity of the chromosomes, 
giving the impression that some repelling force is acting upon 
them. The most notable evidence in favor of this assumption 
lies in the morphology of the cell, represented in Fig. 24. The 
unfortunate thing about this matter is, of course, that only a 
single cell of its kind, the one here represented as accurately as 
possible, was found even after a long and diligent search for 
more was made. It may at first seem very unscientific or even 
ridiculous to attach so much value to a single cell. Nevertheless, 
the significance of the structure of this cell, lonely as it is, must 
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not be underestimated. The cell is undoubtedly a primary 
spermatocyte in the telophase stage. The cytoplasm has failed 
to divide. This is in accordance with all other observations 
made on primary spermatocytes in this hybrid, since not a single 
case was noted in which the cytoplasm showed even the slightest 
indications of division or construction. 

Just exactly what the nature of the cell was in its metaphase 
stage with regard to the arrangement of the chromosomes can 
not be definitely stated. One thing seems fairly certain, and 
that is that no division of individual chromosomes took place. 
For the number of chromosomes can still be fairly accurately 
determined since they had become only partially disintegrated. 
A count of the chromosomes in the various parts of the cell 
reveals a total of about forty-three, fourteen in the oblong 
nucleus, ten in the spherical one, three in the cytoplasm, and 
sixteen in the small spherical nucleus outside of the cell proper. 
The total of forty-three shows that eight chromosomes are lacking 
to make the total of fifty-one contributed by the last spermato- 
gonial division. In accordance with the prevailing scheme of 
synapsis in other primary spermatocytes this means that eight 
of the forty-three chromosomes should be bivalent and thirty-five 
univalent. In examining the various chromosomes with regard 
to size, nine of them seem to be noticeably larger than the rest; 
five are in the oblong nucleus and four in the large spherical one- 
One of the nine is possibly the accessory, thus leaving the required 
number of eight bivalent chromosomes. The three left behind 
in the cytoplasm and the sixteen outcasts are all univalents. 

As to the origin of the two nuclei within the cell, several 
possibilities suggest themselves. The possibility which appears 
most tenable is that the cell in its metaphase stage resembled 
the one represented in Fig. 32. It can be seen from that figure 
that the cell possessed a large spindle, at one side of which was a 
plate of chromosomes with threads extending only to one pole. 
In another part of the cell is a group of about twenty chromo- 
somes with no signs of spindle formation. It can be assumed 
that the two nuclei shown in Fig. 24 were formed from two 
masses of chromosomes resembling the two plates of chromo- 
somes shown in Fig. 32, and that the nuclei were reorganized 
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without division of the chromosomes. The latter phase of the 
assumption is based on the fact that indications of the actual 
division of the chromosomes in the primary spermatocytes are 
extremely rare, and that occasionally it can be seen that the 
nuclei actually enter the process of reorganization before the 
chromosomes had divided. This is especially true in cells with 
multipolar and double spindles. As to the nucleus outside of the 
cell (Fig. 24), it may be suggested that the chromosomes con- 
tained therein resembled in the metaphase stage of this cell the 
group of chromosomes without spindle threads represented in 
Fig. 32, and that later they were expelled from the cell after the 
fashion shown in Fig. 23. The three chromosomes in the cyto- 
plasm were probably treated with indifference by the three large 
groups of chromosomes, being neither attracted nor repelled by 
them, and thus remained scattered about in the cytoplasm. The 
material necessary to construct a separate nuclear wall for the 
three deserted chromosomes was apparently lacking. 

Another possibility as to the origin of the nuclei in question 
is that the cell may have had two spindles, as are shown in Fig. 29, 
with an additional group of chromosomes without the spindle 
threads, for such cells were also observed. Still another possi- 
bility is that the cell may have possessed three spindles like those 
shown in Fig. 34 and that the chromosomes belonging to one of 
the spindles were eventually expelled from the cell and there 
reorganized a nucleus while the other two spindles remained 
within the cell. 

There seems to be no doubt but that the chromatin material 
found in the small nucleus on the outside of the cell shown in 
Fig. 24, originally formed a part of the inner contents of the same, 
for a distinct connection in the form of coarse granular threads 
still persists between it and the chromosomes within the cyto- 
plasm, as well as the two large nuclei themselves. The group of 
sixteen chromosomes was no doubt expelled from the cell and 
there formed a separate nucleus. The nuclear membrane is 
thin but well defined. It can also be seen that a quantity of 
cytoplasm was forced out with the chromosomes. Some of it, 
very finely granular, persists around the nuclear membrane. 
The rupture in the cell wall occasioned by the expulsion of such 
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a mass of chromosomes had evidently regenerated in this cell. 
That the cell had begun to degenerate is evidenced by the 
presence of large vacuoles and other irregularities in the cyto- 
plasm. The signs of decay always seem to be manifest in the 
cytoplasm first and then in the chromatin. 

The fact that more cells of exactly this type could not be 
identified is no doubt due to decay which almost invariably sets 
in before the aim of the cell is accomplished, as will be pointed 
out later. It is evident that at least some of the other cells 
seemed to act in the same direction but succumbed before the 
reorganization of the nuclei could take place. Then, too, it 
seems reasonable to believe that the isolation of a particular 
group of chromosomes, as a necessary preliminary step to the 
function of expulsion, depends largely on the relative arrangement 
of the linin strands representing such a group of chromosomes in 
the early stages of these cells. According to our knowledge of 
the extreme variability in the structure of the linin strand net- 
work, such a favorable arrangement of the unwelcome chromatin 
material can possibly be regarded as being accidental. 

Judging by the appearance of the chromosomes, the author is 
inclined to think that the material expelled by the cells is largely 
that which was contributed by the mother of the hybrid; and 
while the number of chromosomes so expelled varies in the differ- 
ent cases, nineteen chromosomes including the accessory which 
is the number presumably of maternal origin were found in a 
few instances. There were never more than nineteen chromo- 
somes in the expelled group. This, however, is only a matter of 
suggestion, for the situation can not possibly be cleared up until 
a careful study has been made of the sex cells of the ass. 

Fig. 25 shows a type of cell in which there is one large spindle 
and a bunch of chromosomes forming a small plate located at 
right angles to the large one. It can be seen that a number of 
threads radiate from the chromosomes in the small plate and 
that some of them extend to the poles of the large spindle. The 
large chromosome in the upper part of the spindle is the accessory. 
Fig. 26 shows a peculiar quadripolar spindle. Most of the chro- 
mosomes are in the plate of the large spindle and many of them 
show signs of division. A small group of chromosomes is located 
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at right angles to the right of the large plate, and spindle threads, 
extending from them and convergingat a conspicuous centrosome, 
could be plainly seen. On the other side some of these chromo- 
somes seem to be connected by threads to the one pole of the 
large spindle and some to the other. At the upper pole of the 
large spindle is a group of eleven chromosomes with spindle 
threads converging at a centrosome near the cell wall. There was 
a slight indication of threads on the other side passing to the 
upper centrosome of the large spindle, but these could not be 
definitely made out since the spindle in question was at a some- 
what oblique angle to the large spindle, and the threads on the 
opposite side were obstructed from view by the group of eleven 
chromosomes. The centrosomes in this cell are unusually large 
and conspicuous. The large chrosome at the lower portion of the 
main spindle is the accessory. 

Fig. 27 is apparently another attempt at a double spindle, 
the small one at right angles to the large. There was no sign of 
centrosomes. Fig. 28 is a polar view of a cell with two spindles. 
In each case the small chromosomes are in the center of the 
plate. Seventeen chromosomes form the plate in one spindle 
and twenty-five in the other, making a total of forty-two. There 
then should appear ten large chromosomes, including the acces- 
sory in this cell. In the smaller spindle containing seventeen 
chromosomes, four are undoubtedly bivalent, and in the large 
spindle of twenty-five chromosomes, six should be larger than 
the rest, which upon very careful examination, seems to be the 
case, but some of the other chromosomes are also somewhat 
larger than usual. This condition is possibly due to the fact that 
decay is well under way in the cell and the chromosome may have 
become distorted. 

Fig. 29 shows an excellent case of two spindles, one is larger 
than the other and also contains the larger chromosomes. It is 
probable that the large spindle is paternal in nature, and the 
small one maternal. 

Fig. 30 shows an unusual freak with the upper part giving the 
appearance of two closely applied spindles. At the opposite 
end, however, the threads do not converge at two separate poles 
nor at a single pole but remain loose. At first sight one gains the 
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impression that the spindle was a tripolar one, with two poles on 
one side of the double plate and a single pole on the opposite 
side, and that the single pole was cut off in the process of sec- 
tioning. But a careful investigation shows that the cell is entire 
and that no part of it was cut off. Guyer ('oo) represents a 
similar case in hybrid pigeons, and describes it as a case in which 
each fiber of the unusually loose spindle seems to terminate at 
one end in a small centrosome-like dot or granule. 

Fig. 31 shows a tripolar spindle which is really a case of two 
spindles fused together. All of the chromosomes are found on 
the spindle and some are apparently in the process of division. 
Fig. 32 shows another type of tripolar spindle and a group of 
nineteen chromosomes, including the accessory, in the cyto- 
plasm, corresponding to the group of chromosomes which are 
sometimes expelled from the cell. Fig. 33 shows a degenerate 
cell with three ragged spindles converging at a common point. 
The accessory chromosome is off by itself and from it extends a 
thread toward the point of convergence of the three spindles. 
The cell is well along in the stage of decadence. Some of the 
spindle threads are broken up and others seem to have fused 
together. 

Fig. 34 shows a cell with three perfect spindles meeting at a 
common conspicuous centrosome. The bivalent chromosomes 
appear to be distributed among the three spindles. Fig. 35 
shows an extremely rare type of quadripolar cell with five spindles 
closely and symmetrically arranged, with three chromosomes 
remaining loose in the cytoplasm. Fig. 36 shows a cell which is 
the only one of its kind that was found and is no doubt the ana- 
phase stage of a cell with a quintespindle arrangement similar to 
that represented in Fig. 35. Eighty-five chromosomes, including 
the accessory near the centrosome to the left, could be distin- 
guished as represented. Six of the chromosomes in the central 
spindle evidently had not divided. This in terms of uni valence 
would suggest that there is a total of ninety-one chromosomes 
in the cell. The accessory remains undivided as it does in the 
horse in the primary spermatocyte. Without the accessory, 
then, there would be ninety chromosomes, which suggest rather 
strongly that forty-five autosomes, of which five were presumably 
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bivalent lined up for division in the metaphase stage of this cell 
and that all but the six in the center had divided. Only two or 
three of these six remaining undivided could possibly be taken 
for bivalents, which fact indicates that the bivalents as well as 
the univalents had divided. The centrosomes were well defined 
and there were only slight indications of deterioration in the cell. 

The researches of Hansemann ('91), Lustig and Galeotti ('93) 
and others, show that asymmetrical mitoses are of very general 
occurrence in carcinoma cells and other pathological tissues; 
and Schottlander ('88) and Galeotti ('93) among others have 
shown that similar abnormalities in mitosis may be produced 
artificially in many tissues by treatment with dilute solutions of 
various drugs, such as quinine, chloral hydrate, cocaine, potassic 
iodide and antipyrin. 

At first thought, in view of what is known about the effects 
of drugs on mitosis, it would appear that the abnormalities in 
division of the primary spermatocytes are probably due to some 
deleterious chemical substances which may be produced by the 
degenerative processes going on in the tubules. This however, 
does not account for the fact that the abnormalities in the mule 
are practically entirely restricted to the primary spermatocytes. 
It appears more certain that the abnormalities in this hybrid are 
due to the conflicting tendencies brought into action within the 
cells themselves at this stage of spermatogenesis when cooperation 
between the two parent plasmas becomes necessary but is 
impossible on account of their vast dissimilarity. 

Giant Cells. 

Giant cells appear occasionally but do not seem to be as 
numerous as was described by Guyer ('00) in hybrid pigeons. 
Fig- 37 represents a large cell of rare occurrence. It appears to 
be a primary spermatocyte with three spindles in the anaphase 
stage, but the chromosomes are unusually small and resemble 
more those of the nurse cells. 

Fig. 38 shows an enormous cell with four large nuclei. The 
cell is evidently a primary spermatocyte in the early prophase, 
as the size and structure of the nuclei, and the uniform consist- 
ency of the cytoplasm are identical to those of normal cells in 
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this stage (Fig. 7). The abnormality appears to have taken 
place in the last two divisions of a spermatogonia! cell ; only the 
nuclei have divided and therefore remained in the same mass of 
cytoplasm. Primary spermatocytes with four nuclei appear 
occasionally, but in practically all cases there is evidence that 
the abnormality had occurred within the cells themselves and 
not in the spermatogonia. 

Fig. 39 is another giant cell in which all of the chromosomes 
seem to be in the huge non-symmetrical quadripolar spindle. 
About a hundred chromosomes could be counted in this cell, 
some of which are apparently the result of division and others are 
in the process of dividing. There are undoubtedly many more 
chromosomes present but the exact number could not be de- 
termined owing to the position of the large equatorial plate. It 
is probably a spermatogonial cell which possessed two complete 
nuclei and the number of chromosomes in excess of one hundred 
and two may be due to the fact that many of the chromosomes 
have divided. Parts of the spindle seem to be in the late meta- 
phase and others in the anaphase stage. 

Multinucleate Cells. 
Primary spermatocytes with nuclei ranging from two to six 
in number are not uncommon (Figs. 40-43) . The most common 
ones are those with two and four nuclei. Such cells appear to be 
in the late telophase stage. There is much irregularity in size 
among the nuclei of the same cell. For example, when two 
nuclei are present they are sometimes of similar size and then 
again one is much larger than the other. In cases where three 
nuclei are present they are sometimes of practically the same size, 
or form a gradation in sizes, or two large and a small one, or two 
small and a large one appear, and so on. Frequently one or 
more chromosomes were left in the cytoplasm while the others 
formed one or more nuclei. Fig. 41 shows a decaying cell with 
two nuclei, and a large chromosome left in the cytoplasm but 
connected with one of the nuclei by a coarse strand. Such 
strands were not always present. It is possible that the chro- 
mosome in question is the accessory, though one of the chro- 
mosomes within the nucleus to the left also resembles it. 
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The formation of more than one nucleus is not at all strange, 
when we consider the various freakish spindles of the primary 
spermatocytes and the fact that the cytoplasm of these cells was 
never observed to be in the process of division. A spindle like 
those shown in Figs. 34-36 for example, may, if decay does not 
set in beforehand, form five or six nuclei. A cell like that rep- 
resented in Fig. 29 may eventually possess four nuclei, one like 
that shown in Fig. 31 three nuclei, and so on. In all of the com- 
paratively few cases that reach the telophase stage before decay- 
ing, we must necessarily expect some such abnormalities. 

Destruction of the Germ Cells. 

In speaking of degeneration of the germinal cells in hybrid 
pigeons, Guyer ('10) says: "Degenerative processes were in 
progress in the testes of all the sterile forms, but were most 
pronounced in hybrids between very divergent species, or between 
unlike hybrids from birds which were themselves descendants 
of fertile hybrids. There were some such extreme cases of de- 
generation that only the layer of cells lying along the wall re- 
mained in the tubule. Where such a degree of degeneration 
exists there is, of course, no approach to the formation of sper- 
matozoa. There is often a strong invasion of wandering cells 
into the tubules, especially where the degenerative activity has 
become extensive. The interspaces between such tubules are 
also usually packed with cells which have much the same ap- 
pearance as white blood corpuscles. Little clumps and globules 
of deeply staining cytoplasm are scattered about among the cells 
within the tubules. The oval nuclei of the Sertoli cells are also 
generally to be seen in varying numbers. 

"In some places it really looks as if the germinal cells them- 
selves lose their cell walls and characteristic appearance and 
become leucocytes, but this point will require very careful study 
before any definite conclusions can be reached. In other tubules 
the original cells, or cells which have wandered in, settle down 
and take on exactly the appearance of the large stroma cells 
which are ordinarily present outside the tubules. The cytoplasm 
of such cells has a peculiar alveolar-like appearance that is very 
characteristic." 
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The destruction of the sex cells in the mule appears to be re- 
stricted to the primary spermatocytes, where it seems inevitable. 
The incompatibility of the two widely different plasmas contri- 
buted by the parents renders completion of spermatogenesis in 
this hybrid impossible and the animal remains sterile. The 
process of deterioration sets is as soon as cooperation of the chro- 
matin material becomes necessary in the primary spermatocyte. 
By far the largest amount of destruction takes place in the 
"spireme stage" before the chromosomes can make their ap- 
pearance. Sometimes the nucleus in this stage becomes enor- 
mously distended and the thin chromatin threads break up into 
numerous fragments before any noticeable pairing takes place. 
Then again, the fragmentation takes place after some of the 
threads fuse (Fig. 10), or after the chromosomes make their 
appearance (Fig. 44). 

The cytoplasm seems to decay first and large masses of naked 
nuclei in various degrees of decadence can be seen in some of the 
tubules. Small masses of chromatin material, pieces of threads, 
cytoplasm, and cell wall, are also abundant in many of the 
tubules. Occasionally small, naked, though well-defined nuclei 
are seen. Whether these are formed from cast-off material like 
the one shown in Fig. 24, or whether they are small nuclei 
similar to those shown in Fig. 42, retaining their structure after 
the cytoplasm had fallen to pieces is difficult to determine. 
The latter suggestion can easily be conceived, and the former is 
not unreasonable, since there is no logical reason to make one 
believe that the expelled material invariably remains attached 
to the cell. A much more legitimate assumption would be that, 
since the material is cast off by the cell, it ordinarily leaves the 
cell entirely and becomes free among the other material in the 
lumen of the tubule. This assumption would tend to explain 
further the extremely rare occurrence of cells similar to the one 
shown in Fig. 24. 

Figs. 44-52 show various types of degenerating cells. Fig. 44 
is in the late prophase, and Fig. 45 in the metaphase showing a 
partly expelled mass of disintegrating chromosomes. Figs. 46, 
48 and 49 show the collapsed condition of the cytoplasm and the 
dense nature of the nuclei. The nuclei sometimes retain their 
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normal shape but the chromatin material within fuses into a 
continuous mass, which is often perforated by many vacuoles 
(Figs. 46 and 49). Occasionally a single large vacuole appears 
in the center of the nucleus leaving the chromatin material 
arranged in a layer next to the nuclear membrane (Figs. 48 and 
52). 

Fig. 47 is a degenerate cell possibly in the late prophase stage 
in which many of the chromosomes have fused into large spherical 
bodies which remained scattered about in the cytoplasm. Fig. 50 
shows a cell with an ill-formed nucleus and a mass of chromatin 
material left out in the highly degenerated cytoplasm. Fig. 51 
shows a cell in an advanced stage of destruction in all of its parts. 
Fig. 52 shows a collapsed nucleus with a portion of naked cyto- 
plasm. 

On account of the broadcast destruction of the primary sper- 
matocytes in the early stages, a comparatively few are left that 
attain the metaphase and early anaphase stages (Figs. 18-45) 
when they, too, meet their fate; and the remaining few that 
survive the anaphase succumb soon after, and no secondary sper- 
matocytes nor spermatids, and consequently no spermatozoa 
are formed and the hybrid therefore remains sterile. 

The invasion of tubules by wandering cells is not as pronounced 
in the mule as in pigeon hybrids, as described by Guyer ('00). 
Even where the degenerative activity was most pronounced the 
leucocytes were rare or absent altogether. Nor was there any 
indication of the germinal cells themselves losing their cell walls 
and characteristic appearance and becoming leucocytes, as some- 
times appears to be the case in hybrid pigeons according to the 
same author. 

Summary. 

1 . The parents of the mule are widely different as can be seen 
from the comparison of the horse and the ass. 

2. The mule partakes of both the sire and the dam, but appears 
to resemble the ass more than the horse, both in structure and 
habits. 

3. The greatest difference seems to lie in the relative number of 
chromosomes in the cells of these two animals. The horse 
has thirty-seven and the mule fifty-one. This suggests that the 
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number in the ass is about sixty-five, thus making a difference of 
twenty-eight chromosomes between the parents of the hybrid. 

4. The seminiferous tubules of the mule contain a much 
smaller amount of germ cells than do the tubules of the horse. 
Some of the tubules of the mule are entirely devoid of sex cells. 

5. The sex cells of the mule are larger than those of the horse 
in the corresponding stages. 

6. All of the fifty-one chromosomes in the spermatogonial 
cells of the mule enter the spindle for division. The mitotic 
figures are normal and there are no straggling chromosomes. 

7. The accessory chromosome of the hybrid, which is undoubt- 
edly maternal in origin, resembles entirely the accessory of the 
horse, which fact shows that this sex-determining chromosome 
retains its individuality. 

8. The period of synizesis which is so obvious in the primary 
spermatocytes of the horse, is lacking in the mule. 

9. The spireme of the horse is also lacking in the mule, but is 
replaced by a continuous network of chomatin threads, parts 
of which sometimes resemble the spireme to a certain extent. 

10. There is no definite time for the pairing of threads or 
chromosomes in the hybrid; the synaptic period begins at the 
time the chromatin threads make their appearance and continues 
through the prophase. 

11. The pairing of chromosomes, or pseudo-reduction, is 
always incomplete and very inconstant. The number of chro- 
mosomes in the late prophase of the primary spermatocytes 
varies from thirty-four to forty-nine. The greatest majority of 
counts of chromosomes lie between forty and forty-five. The 
expected number, if reduction was complete, would be twenty- 
five besides the unpaired accessory. 

12. In the late prophase of the primary spermatocytes the 
bivalent chromosomes can as a rule be readily distinguished 
from the univalent ones. The number of chromosomes which 
the various cells lack in order to make the original total of fifty- 
one, in terms of univalence, can usually be accounted for by the 
proportional increase in the presence of bivalents in such cells. 

13. Up to the early prophase of the primary spermatocytes 
there seems to be no necessity for the paternal and maternal 
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chromosomes to cooperate in functioning. Each group seems to 
go on performing its functions normally. The real conflict 
ensues during the various stages of the primary spermatocyte, 
and is no doubt occasioned by the necessity for cooperation on 
the part of the paternal and maternal chromosomes in the process 
of conjugation or pseudo-reduction. 

14. Abnormalities in mitosis occur invariably in primary 
spermatocytes that attain the metaphase stage. 

15. Giant cells are occasionally seen. 

16. The chromatoid body which is very conspicuous and 
constant in the horse is entirely lacking in the mule. 

17. There is considerable evidence that primary spermatocytes 
make an attempt to eliminate some of the chromatin material. 

18. The chromosomes expelled by the cells appear to be those 
which were contributed by the mother of the hybrid. 

19. Destruction as well as abnormalities in mitosis seem to be 
restricted to the primary spermatocytes. Most of the cells 
disintegrate during the prophase, especially during the period of 
synapsis. Others meet their fate in the metaphase or early ana- 
phase stages. The remaining few that survive the anaphase 
succumb soon after, and no secondary spermatocytes nor sper- 
matids, and consequently no spermatozoa are formed and the 
hybrid remains sterile. 

20. There are no authentic cases on record showing that fer- 
tility ever occurs in this hybrid. 
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EXPLANATION OF PLATES. 
Plate I. 

(All of the drawings were made with the aid of a camera lucida, X 3,000.) 

Fig. 1. Early spermatogonial cell showing a large heart-shaped nucleolus and 
two small karyosomes. 

Fig. 2. Resting stage of a full grown spermatogonial cell showing the large 
triangular or heart-shaped nucleolus and the two spherical karyosomes. 

Fig. 3. Late prophase of spermatogonial division showing fifty ordinary chro- 
mosomes and the large accessory which can easily be distinguished. 

Fig. 4. Metaphase of division in a spermatogonial cell showing a perfect spindle 
with the accessory dividing at the left. 

Fig. 5. Anaphase of division of a spermatogonial cell showing a perfect mitotic 
figure. 

Fig. 6. Late anaphase of division of a spermatogonial cell with perfect mitosis 
again in evidence. 



BIOLOGICAL BULLETIN, VOL. XXX. 



1 











Iff 



; -:;--'--::^; : ;; ■ ;■. 






J. E. WODSEDALEK. 



42 J. E. WODSEDALEK. 



Plate II. 

Fig. 7. Resting stage of a primary spermatocyte showing the characteristic 
heart-shaped nucleolus and the karyosomes from which radiate fine linin strands. 

Fig. 8. Primary spermatocyte showing a continuous network of chromatin 
threads, some of which have paired and others are in the process of fusion, but most 
of them are unpaired. 

Fig. 9. Primary spermatocyte showing a continuous network of chromatin 
threads, an unusual number of which have fused; some are still unpaired while 
others are in the process of fusing. 

Fig. 10. Primary spermatocyte in process of degeneration in the "spireme 
stage." 

Fig. 11. Primary spermatocyte in the late "spireme stage," showing signs of 
paired and pairing threads, paired and single chromosomes, and also signs of 
degeneration. 

Fig. 12. Late prophase of primary spermatocyte showing univalent and bi- 
valent chromosomes, and one trivalent chromosome. Some of the univalent 
components are still attached to each other at various angles. The accessory chro- 
mosome is very distinct. 
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Plate III. 

Figs. 13-1 5. Late prophase of primary spermatocytes after the partial synapsis 
had taken place. 

Fig. 13 shows forty chromosomes, about eleven of which appear to be bivalent. 

Fig. 14 shows thirty-eight chromosomes about thirteen of which are bivalent, 
and Fig. 15 shows forty-three chromosomes about eight of which are bivalent 
Note the heart-shaped accessory in each of these cells. 

Fig. 16. Polar view of a metaphase stage of a primary spermatocyte, showing 
twenty-eight chromosomes in the plate, and seventeen including the accessory are 
scattered in the cytoplasm. 

Figs. 17 and 18. Degenerating primary spermatocytes in the metaphase stage 
showing many scattered chromosomes and the remains of the decayed cytoplasm 
congregated about the plate or large clump of chromosomes. 
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Plate IV. 

Figs. 19-21. Freak types of primary spermatocytes in the metaphase stage 
showing most of the chromosomes in the equatorial plate and several scattered 
about on the spindle or in the cytoplasm. 

Fig. 22. Primary spermatocyte showing an uncommon type of unequal division 
in which five large chromosomes have passed over to one place while about thirty-six 
remained in the original place. 

Fig. 23. A somewhat degenerate metaphase stage of primary spermatocyte 
showing the expulsion of a bunch of chromosomes. 

Fig. 24. A late telophase of a trinucleated primary spermatocyte. The nu- 
cleus on the outside of the cell wall was apparently formed from a group of chro- 
mosomes which were expelled by the cell. 
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Plate V. 

Figs. 25-30. Abnormal mitotic figures of primary spermatocytes (fully ex- 
plained in the text). 
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Plate VI. 

Figs. 31-36. Abnormal mitotic figures of primary spermatocytes (fully ex- 
plained in the text). 
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Plate VII. 

Fig. 37. A giant cell with three spindles in the early anaphase stage. 

Fig. 38. A giant cell with four large nuclei, each resembling the nucleus of the 
primary spermatocyte. (See Fig. 7.) 

Fig. 39. A giant cell with a huge non-symmetrical quadripolar spindle con- 
taining over one hundred chromosomes. It is probably a spermatogonia! cell 
which possessed two complete nuclei and the number of chromosomes in excess 
of one hundred and two may be due to the fact that many of the chromosomes have 
divided. 

Fig. 40. A quadri-nucleated cell. 
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Plate VIII. 

Fig. 41. A bi-nucleated cell in process of degeneration showing a chromosome, 
possibly the accessory, which was left out in the cytoplasm. 
Fig. 42. A cell with six well-defined nuclei. 
Fig. 43. A degenerating cell with three nuclei. 
Figs. 44-46. Cells in process of degeneration (explained in the text). 
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Plate IX. 
Figs. 47-52. Various types of cells in process of degeneration (explained in 



the text) 
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